Background and Purpose-The Val66Met polymorphism of brain-derived neurotrophic factor is associated with decreased brain-derived neurotrophic factor secretion and poor outcome after acute neurological injury. We hypothesized that the Met allele is associated with worsening of functional outcome after brain arteriovenous malformation resection. Methods-Three hundred forty-one surgically treated patients with brain arteriovenous malformation with outcome data were genotyped for Val66Met. Outcome was change in modified Rankin Scale preoperatively versus postoperatively, dichotomized into poor (change Ͼ0) or good outcome (change Յ0 
M
anagement strategies for brain arteriovenous malformation (BAVM) often include surgical resection with varying outcomes. 1 Therefore, identifying predictors of functional outcome after BAVM resection to facilitate risk prediction is of clinical importance.
Genetic variation likely influences BAVM-related outcomes. One plausible candidate, brain-derived neurotrophic factor (BDNF), is acutely upregulated in central nervous system injury and increases functional recovery after central nervous system injury. 2, 3 The Met allele of a functional polymorphism in BDNF, Val66Met, affects activity-dependent BDNF secretion. 4 The Met allele has been associated with poor outcome after aneurysmal subarachnoid hemorrhage. 5 Thus, we hypothesized that Val66Met polymorphism is associated with functional outcome after BAVM resection.
Materials and Methods
Three hundred forty-one patients undergoing BAVM resection with outcome and genotype data were analyzed. All patients signed informed consent and the study was approved by the Committee for Human Research at the University of California, San Francisco. Val66Met polymorphism (rs6265) was genotyped by polymerase chain reaction-based assay or microarray (Affymetrix SNP Array 6.0).
Outcome was change in modified Rankin Scale score between preoperative and last follow-up states, dichotomized into Ͼ0 (bad outcome) versus Յ0 (good outcome). 6 The predictor variable was Val66Met genotype, dichotomized into Met/Met and Val/Met versus Val/Val groups, as previously done. 5 Before constructing multivariate models, we evaluated whether the effect of BDNF genotype and outcome was modified by other predictors using likelihood ratio tests. A significant interaction was observed between BDNF genotype and hemorrhagic presentation status (Pϭ0.03). Thus, analyses were stratified by ruptured versus unruptured status.
Multivariate logistic regression analysis was performed; predictors were chosen based on clinical or statistical significance (PϽ0.05 in univariate analysis). We also performed a sensitivity analysis restricting to whites, the largest racial/ethnic subgroup, to account for potential population stratification (80 ruptured, 106 unruptured).
Results
Patient characteristics are presented in Table 1 stratified by both outcome and hemorrhagic status. Among 173 unruptured patients, those with poor outcomes had higher SpetzlerMartin scores (PϽ0.01) and a greater proportion of BAVMs in eloquent locations (Pϭ0.02). In 168 ruptured patients, only Spetzler-Martin score differed significantly between outcome groups (Pϭ0.04).
Among patients with unruptured BAVM ( 
Discussion
This study implicates the BDNF Val66Met polymorphism in functional recovery after BAVM resection in unruptured patients. Possession of the Met allele was associated with a 2-fold increased risk of worse functional outcome after surgery independent of other risk factors, whereas no increased risk was observed among ruptured patients. The effect size increased to nearly 3-fold in white patients.
One striking feature of this study is the differential effect of presenting hemorrhage on the association of Val66Met genotype with functional outcome. Possible explanations include (1) nonlinear relationship of modified Rankin Scale outcome and true neural injury state; (2) ruptured patients may already have elevated BDNF levels at the time of surgery due to hemorrhage, so BDNF upregulation in response to surgical injury may be less important; and (3) resection of ruptured BAVMs is less traumatic to the brain because hemorrhage facilitates resection. 6 BDNF genotype may be a less significant factor when placed in context of prior hemorrhage. Our study is limited by a relatively small sample size within hemorrhagic presentation groups, resulting in wide CIs and inability to adjust for additional variables that may influence outcome or interact with BDNF genotype. Larger studies are needed to replicate these findings and test the clinical use of adding BDNF genotype to current risk prediction models. We were unable to explore specific functional domains using the modified Rankin Scale, because it is a general outcome scale. Although previous studies have linked the Met allele to decreased levels of BDNF, we did not directly measure BDNF levels in this study. Finally, generalizing our results to treatment modalities other than microsurgery may not be applicable because clinical course and outcomes vary widely. 1 In conclusion, the Met allele of BDNF Val66Met polymorphism was associated with increased risk of worse functional outcome after microsurgical resection in patients with unruptured BAVM. Effect sizes for Val66Met genotype are similar to current angiographic predictors, suggesting that genetic factors could prove clinically useful. Most importantly, BDNF Val66Met genotype may prove to be an important risk factor for patients with unruptured BAVM, comprising half of all cases and the subject of treatment controversy. 6 
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